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Introduction

30
Groundwater is one of the most important natural resources on Earth. It plays a very 31 significant role in the supply of drinking water. For example, groundwater is the primary 32 source of drinking water for 44% of the population in the United States (Hallam et al. 2004 ).
33
In some developing particularly rural regions without access to tap water, it is the primary 34 source of drinking water (Shen et al. 2015) . However, the intensive use of nitrogen- Methanotrophs convert the assimilated carbon to soluble metabolite (such as citrate (Rhee 59 and Fuhs 1978), methanol (K. and G. 1985), acetate (Costa et al. 2000) , which then serves as 60 an carbon and energy sources for denitrifying bacteria to accomplish the denitrification 61 process. Meanwhile, the co-existing methanotrophs are capable of utilizing oxygen 62 preferentially within biofilm, thus creating an anoxic micro-environment for denitrifiers ( Candidatus 'Methanoperedens nitroreducens' belonging to the ANME-2d cluster, which is process. Furthermore, the microbial community was also analyzed using 16S rRNA gene 97 amplicon sequencing and fluorescence in situ hybridization (FISH), the key microorganisms (Table S1 ). Each bundle of hollow 110 fibers has an U-shaped bent and the end was connected to a gas cylinder (95% CH 4 and 5%
111
CO 2 , Coregas, Australia). The gas pressure in lumen of all hollow fibres was adjusted to 150 112 kPa by a gas-pressure regulator (Ross Brown, Australia) connected to the gas cylinder. An 
Inoculum and synthetic influent composition
The MBfR was seeded with 150 mL of inoculum taken from a parent DAMO/anammox 123 reactor fed with nitrate, ammonium and methane (Haroon et al. 2013 
MBfR operation
133
The MBfR was operated for 457 days with two phases, namely the start-up phase (Phase I,
134
272 days) and operational phase (Phase II, 185 days), as shown in Table S2 . In Phase I, in 135 order to enrich biomass and achieve biomass attachment on the hollow fibers membranes, the influent was approximately 7-9 mg/L. During Phase II, the recirculation system was started 144 from day 320, which delivered an external recirculation with the flow rate of 100 mL/min.
145
Effluent samples were taken daily from the over-flow bottle ( Fig. S1 ) to monitor the nitrate, 
Chemical analyses
180
The concentrations of nitrate, nitrite and ammonium were measured using a Lachat 
206
The taxonomic classification and OTU representative sequences were output in an OTU table. 
Possible reactions based on batch test results
265
In order to elucidate nitrate reduction and methane partial oxidation under oxygen-limiting 266 conditions, batch tests were conducted at the end of Phase II (Fig. 4) . When the oxygen 267 supply was absent in Batch A (i.e. strictly anaerobic condition by flushing nitrogen gas
268
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12 through the reactor), neither methane oxidation nor nitrate reduction could proceed (Fig. 4a) VFAs. VFAs accumulated in the reactor in the absence of nitrate (Fig. 4b) . Once nitrate was 273 manually dosed into the reactor in Batch C, the denitrification process occurred immediately.
274
Nitrate was primarily reduced to nitrite (72.3%) in the first 1.5 h, resulting in an acetate to 275 nitrate molar ratio of 0.68. Then, nitrite was further reduced, giving an acetate to nitrite molar 276 ratio of 0.70 in the following 1.5 h (Fig. 4c) . 
Microbial community shift induced by anaerobic or oxygen-limiting conditions
278
Both FISH and 16S rRNA gene amplicon sequencing were conducted to characterize the 
287
The shift of microbial community structure at phylum and genus-levels under anaerobic and At genus level (Fig. 5b) for 12.5% of the total sequences (from 1.3% under anaerobic condition in Phase I). In 311 addition, the abundance of Candidatus Kuenenia (anammox bacteria) decreased from 3.1%
312
(inoculum) to undetectable levels (Phase II). 
325
The proposed technology could potentially be further optimized to increase nitrogen removal 326 rate to match practical applications. The supply of oxygen to the microorganisms appears to 
331
The methane-supported nitrate removal process developed in this work has advantages over 332 several other technologies. Firstly, in comparison with soluble organic carbon (e.g. methanol)
333 or hydrogen, methane is an inexpensive electron donor and is widely available. Also, it can 334 be produced from renewable sources such as wastewater (Modin et al. 2007 ). Based on the 335 theoretically optimal ratio of carbon to nitrogen, the cost for methane and for methanol to nitrate reduction was more likely coupled to oxidation of intermediates of methane oxidation.
Possible mechanisms for nitrate removal in the MBfR
361
In both Batch Tests B and C, denitrification proceeded immediately in the presence of VFAs 362 under oxygen-limiting conditions.
363
The VFA production was likely through aerobic methane oxidation, although the 
398
• Acetate and propionate as intermediates were observed in the system, their maximum 399 concentration were 16.1 mg acetate-C/L and 2.5 mg propionate-C/L.
400
• The 16S rRNA gene sequencing showed that DAMO bacteria (Candidatus 
Highlights
• Nitrate removal from oxygenated groundwater by DAMO organisms was achieved in MBfR.
• Acetate and propionate as intermediates were observed in the MBfR.
• DAMO bacteria and heterotrophic denitrifiers were dominant microbes in the biofilm.
• Methane was oxidized into VFAs, which were electron donors for heterotrophic denitrification.
